In the present investigation the DLR TAU code is extended to support future experimental investigations of magnetohydrodynamic effects in high temperature hypersonic flows. According to the conditions in the High Enthalpy Shock Tunnel Göttingen (HEG) the first steps in enhancing the TAU code are the implementation of a source term formulation of electromagnetic forces and the calculation of the electrical conductivity of air as a gas mixture in chemical non equilibrium. To verify the source term implementation a perfect gas study related to numerical simulations from Poggie and Gaitonde is conducted and shows reasonable agreement. Applied to the experimental conditions the model predicts a noticeable increase of the shock stand off distance.
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Nomenclaturē

Introduction
Due to high temperatures between shock and body at hypersonic flights a high level of natural ionisation is generated. About 50 years ago first ideas came up to influence ionised flows with magnetic fields. The theory of the interaction of an electrically conducting fluid with electric and magnetic fields, called magnetohydrodynamics (MHD), was founded. In the present study an extension of the Navier-Stokes equations for the simulation of the influence of magnetic fields on an ionised hypersonic flow will be described. As a tool for the solution of the Reynolds averaged Navier-Stokes equations the DLR TAU code for hypersonic flows [5, 4] flows including extensions to calculate real gases with chemical non equilibrium conditions. To simulate MHD effects the code was extended by additional source term formulations of electromagnetic forces. For comparability with results from the literature a perfect gas flow with the assumption of a globally constant electrical conductivity is calculated as a first step. After that a HEG experimental setup is simulated under non equilibrium gas conditions and a local determination of the electrical conductivity. In the hypersonic facility, the High Enthalpy Shock Tunnel Göttingen (HEG), the temperatures locally occuring in the experiments are high enough to produce ionised particles. The level of ionisation is sufficient to obtain a measurable influence of magnetic fields on the flow. The DLR is planning corresponding experiments to use the natural (thermal) ionisation in combination with imposed magnetic fields to investigate magnetohydrodynamic effects. The enhanced TAU code with the implementation of magnetohydrodynamic fects will be used for the design and support of future MHD experiments in HEG.
Numerical Scheme
The DLR TAU Code
The DLR TAU code [4] is a finite volume solver for the flow field analysis of time dependent, three dimensional viscous and inviscid flows. The spatial discretisation is based on hybrid grids consisting of tetrahedra, prisms, pyramids and hexahedra. Besides the flexibility in grid generation the approach enables local adaptation according to features of the flow field. Further grid handling capabilities are a deformation tool to account for surface changes due to fluid structure coupling and a chimera technique to deal with independent moving parts (i.e. flaps). For time accurate calculations the time derivatives are reformulated such that for each physical time step a steady state problem is solved within a pseudo time. This dual time stepping benefits from the acceleration techniques implemented to reach a steady state solution (multigrid, residual smoothing and local time stepping). The time integration is done via an explicit Runge-Kutta scheme or an implicit LUSGS scheme. Different upwind formulations as well as a central scheme are available. For turbulent flows the modeling varies from several one and two equation models to unsteady Reynolds averaged Navier-Stokes and detached eddy simulations. Several high temperature enhancements (for example: gas mixtures in thermo-chemical non equilibrium) are included to cover hypersonic applications [5].
The Source Term Formulation
We consider at first the three dimensional compressible Navier-Stokes equations: ∂ρ ∂t + ∇ · (ρ U ) = 0 , (1) ∂ρ U ∂t + ∇ · (ρ U ⊗ U + p I) − ∇ ·τ = 0 ,
∂ρE t ∂t + ∇ · (ρ U E t −τ · U + q) = 0 .
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